Objective-To identify characteristics differentiating the node-first presentation of Kawasaki disease (NFKD) from bacterial cervical lymphadenitis (BCL) and typical Kawasaki disease (KD).
METHODS
Our KD Research Center maintains a database of standardized, prospectively collected information for patients treated for KD at this free-standing children's hospital which is the principal pediatric inpatient facility for a population of approximately 3 million. From this database, we identified all patients with acute KD treated during the 7-year period from March 2003 to March 2010 who had fever ≥3 days but ≤10 days and who fulfilled at least 4 of 5 diagnostic criteria (rash, conjunctival injection, cervical lymphadenopathy, oral mucosal changes, and peripheral extremity changes), 3 criteria plus coronary artery abnormalities documented by echocardiography, or 2 to 3 criteria with elevation of inflammatory indices and 3 supplemental laboratory criteria. 13 We defined NFKD as acute KD presenting at the first medical encounter with fever and cervical adenopathy prior to the appearance of other clinical criteria. To capture the full spectrum of disease, we included 4 additional patients with NFKD who were diagnosed after 10 days of fever. The remaining patients with KD formed the typical KD comparison group. The Institutional Review Board of the University of California San Diego approved this study and granted a waiver of informed consent.
We retrospectively identified patients with acute lymphadenitis by computerized search (International Classification of Diseases, Ninth Revision code 683) discharged from the inpatient ward during the same time period. We excluded patients with mycobacterial lymphadenitis, chronic lymphadenitis, or adenopathy not associated with fever. The BCL group consisted of febrile patients with a unilateral nodal mass > 1.5 cm confined to the neck who had purulent or culture-or gram stain-positive material obtained by aspirate, surgical drainage, or biopsy or whose fever improved following appropriate antibiotic therapy.
For all patients with KD, we analyzed the following data prospectively collected during the hospital admission leading to the final diagnosis: clinical and demographic data (age, sex, and number of calendar days of fever at diagnosis); laboratory values obtained prior to the administration of intravenous immune globulin (IVIG); response to IVIG; and echocardiographic data. We abstracted laboratory data from hospital admission for patients with BCL. For both patients with BCL and patients with NFKD, we abstracted the number and timing of clinic, office, and ED visits, the number of prior hospital admissions, the use and duration of antibiotics, admission diagnoses, and surgical consultations and procedures. For patients with NFKD, we also abstracted the earliest available laboratory results. We converted percentage neutrophil and band counts to absolute neutrophil (ANC) and band counts (ABC) and hemoglobin values to age-adjusted Z-scores. 14 For laboratory values outside the range of the test, we used the maximum or minimum value detected in the assay.
Two attending pediatric radiologists, blinded to the original radiographic interpretations and the final diagnoses, interpreted computed tomographic (CT) and ultrasound (US) images for subjects with NFKD and BCL. For CT studies, they recorded the anatomic region containing the majority of the nodal mass, grouping of nodes, the degree of suppuration, the presence of adjacent inflammation, and the presence of retropharyngeal edema. For US studies, they recorded only grouping, suppuration, and adjacent inflammation. We defined grouping by 1 of 3 morphologic descriptions: multiple homogeneously-sized nodes consistent with the previously described "cluster of grapes," 1 multiple heterogeneously-sized nodes, or a single dominant mass or conglomeration of nodes radiographically inseparable due to anatomic continuity or interposed inflammation. The spectrum of suppuration included solid nodes, phlegmon, and abscess. On CT, phlegmon was a low attenuation mass without rim enhancement, and abscess was a fluid density collection with peripheral enhancement. On US, phlegmon and abscesses were hypoechoic structures with and without internal vascular flow, respectively.
We compared the NFKD and typical KD groups with regard to age, illness day at diagnosis, laboratory values, coronary artery measurements, and IVIG resistance. We converted internal diameters of left anterior descending (LAD) and right coronary arteries (RCA) to Zscores, normalized for body surface area. 15, 16 Abnormal coronary Z-scores were those ≥ 2.5. We defined coronary Z-worst as the worst-ever Z-score for either the RCA or LAD on any echocardiogram following diagnosis. IVIG resistance was defined as persistent or recrudescent fever (temperature ≥ 38.0°C) ≥36 hours following completion of IVIG infusion (2 g/kg). Forty patients with KD (including 9 with NFKD) participated in a randomized, placebo-controlled, double-blind trial of adjunctive infliximab for initial treatment (NCT00760435 in the ClinicalTrials.gov registry) and were excluded from analyses of IVIG response and coronary artery measurement.
Statistical analyses
To identify opportunities for early diagnosis, we used the earliest available laboratory data for the comparison of NFKD and BCL groups. To compare severity among KD subtypes at the time of diagnosis, we used the laboratory values obtained closest in time prior to the administration of IVIG.
We compared demographic, clinical, and laboratory measurements between groups using the Wilcoxon rank sum test for continuous variables and Fisher exact test for categorical variables. Using Spearman rho square, we calculated univariate correlations between each potential predictor and the diagnostic outcome. Multivariable logistic regression was used to evaluate whether the continuous variables of age, illness duration, clinically measured node size, white blood cell (WBC) count, ABC, age-adjusted hemoglobin, and C-reactive protein (CRP) could differentiate NFKD from BCL. No adjustments were made for multiple comparisons, and p-values < 0.05 were considered statistically significant. All statistical analyses were performed using R, version 2.10.0 (cran.r-project.org/).
RESULTS
During the study period, 340 patients, including 53 with NFKD, were treated for acute KD by the tenth day of illness. Four additional patients with NFKD were treated after the tenth day of illness. The 57 patients with NFKD were older than the 78 patients with BCL (Table  I) . Although times to initial presentation were similar, patients with NFKD experienced more outpatient visits, hospital admissions, total health care encounters, and days of illness prior to diagnosis. Approximately 80% of both groups received preadmission antibiotic therapy (most often β-lactam agents, clindamycin, and clindamycin-cephalosporin combinations).
One-third of patients with NFKD had an admission diagnosis of bacterial adenitis or abscess and received initial antibiotic therapy (Table I) . Compared with patients with BCL, patients with NFKD had lower WBC, age-adjusted hemoglobin, and platelet counts and higher ABC, erythrocyte sedimentation rate (ESR), CRP, alanine transaminase (ALT), and γ-glutamyl transpeptidase (GGT) levels (Table II) . The multivariable logistic regression revealed that smaller lymph node size (adjusted odds ratio [AOR]: 0.41; 95% confidence interval [CI]: 0.25-0.67), lower WBC (AOR: 0.81; 95% CI: 0.69-0.96), higher ABC (AOR: 1.001; 95% CI: 1.000-1.001), and higher CRP (AOR: 1.15; 95% CI: 1.02-1.28) retained an independent association with NFKD after adjusting for age and duration of illness.
Twelve patients with NFKD and 44 with BCL underwent imaging studies (Table III) . CT revealed predominantly anterior and posterior adenopathy in both groups. Patients with NFKD more commonly had groups of nodes of different sizes (Figure; available at www.jpeds.com). Nodes were solid in most patients wtih NFKD (91%), whereas the majority of patients with BCL had phlegmon or abscess. Inflammation was confined to the perinodal region in NFKD and was more diffuse and affected parapharyngeal regions in BCL. Retropharyngeal edema was common in NFKD and BCL (Figure) . US findings (Table  III) loosely paralleled those of CT, revealing predominantly clusters of multiple solid nodes in NFKD and single dominant or coalescent masses in BCL. In contrast to CT, inflammatory changes were absent or equivocal on US in two-thirds of NFKD cases and one-third of BCL. Thus, US permitted superior resolution of individual nodes, which appeared as single dominant or coalescent masses on CT.
In a comparison of patients with NFKD and those with typical KD treated by the tenth day of fever (Table IV ; available at www.jpeds.com), patients with NFKD were older (median 4.2 years vs. 2.0 years) and had significantly higher ANC (10.8×10 9 cells per L vs. 8.3×10 9 cells per L), ESR (75 mm/h vs. 58 mm/h), and CRP (13.0 mg/dL vs 7.4 mg/dL), but hemoglobin, total WBC and platelet counts did not differ. Coronary Z-worst scores and rates of IVIG resistance and coronary artery aneurysms did not differ between patients with NFKD and those with typical KD.
DISCUSSION
In the absence of a specific diagnostic test for KD, the differentiation of NFKD from BCL remains challenging. Our study identified older age, elevated markers of systemic and hepatobiliary inflammation, and anemia for age as variables to help recognize NFKD. Among these, ABC and CRP were the most robust variables distinguishing NFKD from BCL. Characteristic radiologic findings included single dominant nodes or conglomerations and suppuration in patients with BCL, limitation of inflammation to the perinodal region in NFKD, and multiple discrete nodes in patients with NFKD. Retropharyngeal edema was unexpectedly common on CT of patients with NFKD. Compared with patients with typical KD, patients with NFKD treated by the tenth day of illness were older and had elevated markers of inflammation (ANC, ESR, and CRP) but did not have more severe outcomes.
Node-first or node-predominant presentations have represented 9% to 23% of smaller series of acute KD admissions. 1, 9, 10 A Japanese comparison of 14 patients with NFKD and 24 patients with BCL 12 revealed that patients with NFKD, as in our study, were older and had higher CRP levels. In contrast, their patients with NFKD had higher WBC, ANC, and aspartate aminotransferase levels and lacked the relative anemia and thrombocytopenia which we observed. The authors proposed a 4-item scoring system to discriminate NFKD from BCL (age >5.0 years, ANC >10×10 9 cells/L, CRP >7.0 mg/dL, aspartate aminotransferase level >30 IU/L), 12 which we could not assess due to the lack of aspartate transaminase levels in our database.
Compared with those with typical KD, previously reported patients with NFKD 9, 10 and patients with KD with cervical adenopathy 3, 4 were older and ill longer prior to diagnosis and had higher CRP 9, 10 and ESR values. 3 In the largest previous series (16 patients with NFKD and 171 with typical KD), patients with NFKD more often required repeated administration of IVIG and had an increased risk of coronary artery lesions. 10 In contrast, our patients with NFKD and previously reported patients with KD with cervical adenopathy 4 did not appear to have a greater risk of coronary artery lesions or IVIG resistance. As in our series, antibiotic treatment for presumed BCL is common among patients with KD with adenopathy. 3 Previously reported sonographic findings included 5-10 mm nodes resembling a "cluster of grapes" in KD and single well-defined, centrally hypoechoic masses with surrounding normal-sized nodes in BCL. 1 Others report a high frequency of multiple enlarged nodes in both patients with NFKD and patients with BCL. 12 Patients with KD with the CT finding of retropharyngeal edema have greater extension of inflammation into deep neck spaces and more adjacent soft tissue involvement than patients with retropharyngeal edema of infectious etiology. 11 Nonetheless, patients with NFKD with retropharyngeal edema commonly experience delayed diagnosis due to the erroneous diagnosis of bacterial infection. 17, 18 Because CT is unnecessary in typical KD, the overall frequency of retropharyngeal edema in KD is unknown. However, the finding may be more common than previously appreciated and suggests a local inflammatory response to an antigen or infectious agent entering through the upper airway.
We recognize several strengths and limitations to our study. This study reported results of blinded reading of CT images from patients with NFKD and BCL and described characteristic CT and sonographic findings in these patients. Our prospective KD database was assembled by clinical personnel experienced in the evaluation and management of patients with KD and BCL. However, we retrospectively obtained all BCL data, all preadmission KD clinical features, and additional KD node-related clinical characteristics such as location, mobility, dimensions, skin changes, tenderness, induration, and fluctuance. Therefore, we were unable to determine whether clinicians failed to recognize subtle diagnostic features in our NFKD cohort during preadmission clinical encounters or to identify the clinical nuances that an experienced clinician might use to differentiate the adenopathy of NFKD from that of BCL. Our NFKD definition required neither a specific interval between appearance of adenopathy and that of other clinical criteria 9 nor the absence of other criteria at time of clinical presentation leading to the diagnosis of KD. 9, 12 However, we avoided such criteria in order to better inform a wider group of clinicians who encounter patients with NFKD without knowledge of the subsequent evolution. Although we identified significant differences in laboratory characteristics, the values were not available for all patients and are not commonly obtained when KD is not suspected. Therefore, we were unable to analyze other candidate predictors that might distinguish NFKD from BCL (e., ESR, ALT, and GGT). Our selection criteria resulted in a relatively small hospitalized BCL group which may not have represented the spectrum of patients who cause diagnostic dilemma with NFKD in the outpatient setting. However, an inpatient comparison group is more likely to have complete description of clinical presentation, laboratory values and clinical evolution. Among patients with BCL, <30% had culture confirmation of bacterial etiology, but their clinical responses to parenteral antibiotic therapy during inpatient observation made them an appropriate comparison group.
Clinicians who treat febrile children with cervical adenopathy should keep NFKD in the differential diagnosis and should counsel the parents of such patients to return for reevaluation if mucocutaneous or peripheral extremity changes suggesting KD occur. Clinicians and radiologists should be alert to the occurrence of retropharyngeal edema and multiple solid enlarged nodes NFKD when interpreting CT and US images of nodes to ensure the timely diagnosis of KD. Illness day at first presentation, days, ‡ median (IQR)
Outpatient visits prior to diagnosis, median (IQR) 1 (1-2) 1 (0-2) .001
Patients with prior hospital admissions, n (%) 6 (11) 1 (1) . 04 Prior hospital admissions, median (IQR) 0 (0-0) 0 (0-0) .02
Total prior medical encounters, median (IQR) 2 (1-2) 1 (0-2) .0003
Illness day at diagnosis, days, ‡ median (IQR)
Size of node, cm, median (IQR) 3 (2-4) 5 (4-6) <.001
Admission diagnosis, n (%) <.0001
Bacterial infection 19 (33) 78 (100) Bacterial adenitis 11 69
Cervical or retropharyngeal abscess/phlegmon 8 9
Pre-admission antibiotic, n (%) 47 ( 
Table IV
Comparison of demographic characteristics and laboratory values obtained prior to IVIG treatment in subjects with NFKD and typical KD treated by tenth day of illness Clinical and laboratory characteristics NFKD, (n = 53) * Typical KD (n = 287) † P
